dium hydroxide, and various oxidative stages using sodium or calcium hypochlorite, chlorine dioxide, or hydrogen peroxide. Pulp and paper workers have been exposed to a number of known or potential carcinogens, including arsenic and chlorophenols previously used as antisap stains, formaldehyde, sulfuric acid mist, and chloroform.
Results of epidemiologic proportionate mortality (2-6), case-control (7) (8) (9) (10) , and cohort (11-13) studies of pulp and paper workers have recently been reviewed (14) . Although excess risks for several cancer sites have been suggested, results have been inconsistent due in part to limitations of studies based on vital statistics or to small numbers. For cancer sites with a minimum of four observed cases, significantly increased risks or nonsignificant excess risks of 50 percent or greater have been reported for all cancers (6), oral and pharyngeal (5), salivary gland (2), stomach (3, 5) , small intestine (2, 3), rectum (5), pancreas (13) , larynx (5), lung (6, 9, 10) , prostate (4) , and bladder (12) cancers, as well as for malignant lymphomas (2-4, 8, 11) , multiple myeloma (2) , and leukemias (2, 5, 6, 13) . These findings relate to pulp and paper workers in general and do not take into account the two main types of pulping processes, kraft and sulfite; data for these processes were obtained in only five studies (3, 7, (11) (12) (13) . Using the criteria described above, excess risks in sulfite pulp mills were noted for cancer of the stomach (3, 7) , rectum (3), pancreas (13) , bladder (3) , and kidney (3) and for lymphosarcoma and reticulum cell sarcoma (3) . Among kraft mill workers, risk was increased for stomach (3) and colon (12) cancers and for lymphosarcoma and reticulum cell sarcoma (11) and Hodgkin's disease (3) . In addition, paper mill workers were found to be at increased risk for colon (3, 12, 13) , pancreas (3) , and lung (12) cancer; one study reported a marked excess of lung cancer among paper board workers (12) .
In 1982, we initiated an occupational cancer research program in British Columbia. One facet of this ongoing project was aimed at detecting occupational cancer risk factors. A first study, based on death certificate analysis of all deaths in British Columbia during 1950-1978 inclusively (15) and updated to 1984 (16) , revealed a statistically significant increased proportional mortality ratio for lymphosarcoma and reticulum cell sarcoma in pulp and paper workers. A second study involved collecting lifetime occupational history from male incident cancer patients aged 20 years and older ascertained from the British Columbia Cancer Registry between January 1,1983, and December 31, 1989 . A preliminary analysis of this database showed a significantly increased odds ratio for nonHodgkin's lymphoma for workers in the pulp and paper industry (17) . Based on these findings, a twophase cohort study of British Columbia pulp and paper workers was initiated. Phase I investigates the cohort's mortality and cancer incidence outcomes; phase II is a nested case-control study with detailed work history and exposure assessment based on mill-specific job exposure matrices. This report presents results on cancer mortality of the 30,157 members of the cohort.
MATERIALS AND METHODS Feasibility study and data collection
Before initiating the study, eligibility criteria for British Columbia pulp and paper mills were defined and a feasibility study was conducted. The eligibility criteria were 1) start of production in 1970 or earlier, 2) minimum of 1,000 workers ever employed by the mill, and 3) availability of records for all employees. To determine which mills met these criteria, a questionnaire was sent to the management of all pulp and paper mills in British Columbia requesting the following information: type of mill, year when production began, estimated number of total workers ever employed, and quality and availability of records.
All male workers with at least 1 year of employment in eligible mills on January 1, 1950, or thereafter until December 31, 1992, the cutoff date for follow-up, were enrolled in the cohort. Data collection included full name and dates of birth, hire, and termination of employment. Information on tobacco smoking and other cancer risk factors related to lifestyle was not collected.
Statistical procedure
Standardized mortality ratios (SMRs) were used to compare the mortality of the cohort with that of the Canadian male population. Canadian population mortality rates, obtained from the Laboratory Centre for Disease Control, Health Canada, were calculated by 5-year age groups and 5-year calendar periods dating back to 1950; the rates for 1985-1989 were used for the period 1990-1992. Person-years at risk were calculated from 1 year after die date of hire to December 31, 1992, or to the year of death, whichever came first For workers lost to follow-up, observations were censored at the date when they were last known to be alive. Latency effects were examined using work duration and time since first employment calculated from 1 year after the date of hire. Time since first employment was calculated to the last follow-up date. Tests of significance and of the SMRs were calculated assuming that the observed number of events followed a Poisson distribution with the mean given by the expected number of events (18) ; 90 percent confidence intervals corresponding to a one-sided 5 percent significance test were used. Record linkage of the cohort with the National Mortality Database was performed at Statistics Canada using the generalized iterative record linkage method (19, 20) . During the study period, causes of death were coded according to the seventh, eighth, and ninth revisions of the International Classification of Diseases. Codes for all causes of death were reconciled to the ninth revision (21) .
RESULTS
Based on the results of the feasibility study, 14 of the 21 pulp and paper mills in British Columbia fulfilled the eligibility criteria. Seven mills were excluded because the number of workers ever employed was fewer than 1,000 (five mills) or due to incomplete records (two mills); the total number of workers in these two mills is unknown since most records had been accidentally destroyed. The total number of workers ever employed in the five mills with fewer than 1,000 employees was 2,817. The characteristics of the 14 mills included in the study are shown in table 1.
A total of 30,360 workers with at least 1 year of employment on January 1, 1950, or thereafter until the end of follow-up were identified by reviewing the 
30,157
* Mills 1 and 2 included as they are from the same company and at the same location, t In the feasibility study, the total number of workers ever employed at that mill was estimated to be over 1,000 by the mill management (see text).
employees' records at the personnel departments of the 14 participating mills. Of these, 203 were ineligible for a number of reasons, mostly due to missing dates of birth, hire, or termination, leaving a cohort of 30,157 eligible workers. The characteristics of the cohort are shown in table 2. Of the 30,157 workers of the cohort, 20,373 (68 percent) worked in the kraft process only, 5,249 (17 percent) in the sulfite process only, and 4,535 (15 percent) in both processes. More than 90 percent of the workers were successfully traced except for those in the sulfite process only, in which 20 percent were lost to follow-up (table 2) .
Mortality and latency analyses
Results of the cancer mortality analyses for the total cohort and by chemical processes are shown in table 3 for any cancer site with a minimum of four cases per site. Latency analyses are reported in tables 4-7 for work duration and time since first employed of <15 years and ^15 years. Data are shown for any cancer site with a statistically significant increased SMR or a nonsignificant excess risk of 50 percent or greater observed in either the mortality or latency analyses.
Total cohort
A total of 4,074 deaths from all causes, including 1,052 (26 percent) cancer deaths, was observed ( A separate mortality analysis was carried out to compare the 16,938 workers who ever worked in mills with paper production with the 13,219 who did not. The only cancer sites for which the SMR was higher among workers in paper mills were kidney (ever worked: number = 24, SMR = 1.51, 90 percent CI 1.04-2.13; never worked: number = 14, SMR = 1.25, 90 percent CI 0.76-1.96) and eye (ever worked: number = 4, SMR = 5.70, 90 percent CI 1.94-13.03; never worked: number = 0). Because these results may be biased due to the lower proportion of successfully traced workers, this subgroup was further analyzed considering workers with at least 5 years (2,495 workers) and 10 years (1,452 workers) of employment; of these, 87 and 92 percent, respectively, were successfully traced. SMR values were generally similar to those observed for sulfite workers with at least 1 year of employment, except for Hodgkin's disease, which showed a fourfold increased risk among workers employed for at least 10 years. It is therefore unlikely that the 20 percent loss to follow-up among sulfite workers only with greater than 1 year of employment would have substantially biased the results. When work duration greater than 15 years was considered ( (table 7) .
Workers employed only in the kraft process

DISCUSSION
Increased mortality from several cancer sites has been observed in the cohort of 30,157 pulp and paper workers described in this study. For all workers, significantly increased SMRs associated with work duration of 15 years or more, hereafter referred to as long-term workers, were noted for cancers of the pleura, kidney, and brain; the SMR for Hodgkin's disease was also increased. Lung cancer mortality was significantly low among long-term workers, suggesting that the excess mortality noted for workers with fewer than 15 years of employment is unlikely to be related to occupational exposures. Numbers were too small for latency analysis of eye cancer. Risks increased for kidney cancer among long-term kraft workers and for brain cancer and Hodgkin's disease among long-term sulfite workers. For workers employed in both kraft and sulfite processes, work duration effect did not substantially modify the elevated SMRs observed in the overall mortality analysis for non-Hodgkin's lymphoma and cancers of the esophagus, gall bladder, and kidney.
Taken together, the results of this study suggest that the cancer risks more likely to be associated with occupational exposure experienced by workers in the pulp and paper industry are cancers of the esophagus, pleura, kidney, brain, gall bladder, non-Hodgkin's lymphoma, and Hodgkin's disease. Exposure to the sulfite process probably accounts for the significant increase of esophageal cancer observed among all workers, since the excess was found among workers ever employed in the sulfite process (n = 22, SMR = 1.60, 90 percent Cl 1.09-2.29), particularly among • ICD-9, International Classification of Diseases, confidence interval; CNS, central nervous system. Ninth Revision; Obs, observed number of cases; SMR, standardized mortality ratio; Cl, long-term workers (n -13, SMR = 1.78, 90 percent Cl 1.05-2.83), but not among workers ever employed in the kraft process (n = 25, SMR = 1.33, 90 percent Cl 0.93-1.86) or for long-term workers in that process (n = 14, SMR = 1.39, 90 percent Cl 0.84-2.17). Cigarette smoking and alcohol consumption are wellestablished risk factors for esophageal cancer (22) . However, these factors are unlikely to fully account for the excess mortality we observed, since no increased risk was evident for other cancer sites strongly associated with cigarette smoking, such as lung and bladder cancer, or with both risk factors, such as oral and pharyngeal cancers. Excess risk has also been related to exposure to asbestos (22, 23) , metal dust (22, 24) , and combustion products (25) , as well as to certain occupations including spray painting, plumbing, pipe fitting, and vulcanization work (22, 26) . Results of a study investigating associations between cancer and occupational exposures to hazardous materials have been reported by Siemiatycki (27) . Although no evidence of a relation between the pulp and paper industry and cancer of the esophagus was noted, a number of substances to which pulp and paper workers would be exposed were associated with this ma-lignancy, in particular, sodium carbonate and hypochlorite, which are used in the kraft recovery and bleaching processes, respectively.
Pleural mesotheliomas have been reported among pulp and paper workers (28) . Exposure to asbestos in British Columbia pulp mills may explain the significantly increased risk of pleural cancer also noted in our study.
Long-term workers in the total cohort and in the kraft subgroup had significantly elevated risk for kidney cancer. Excess was also noted for long-term employees exposed to both kraft and sulfite processes. Except for cigarette smoking, the role of other factors in the development of renal tumors is largely unknown (29) . However, a number of occupations and exposures have been suspected and include coke oven and insulation workers (29) ; truck drivers (30, 31) ; plumbers (31); welders (32); firefighters and painters (33) ; workers in dry cleaning (34) , textile (35) , and printing (36) industries; and exposure to asbestos (29, 34) , solvents (31), gasoline, cutting oil, and other petroleum products (31, 32, 34, 36) ; and to a wide array of other chemicals (27) . Formaldehyde (37) and biocides (27) , used respectively in the paper making operation, in pulp washing, pulp, and paper machines, and in the bleaching process, have been associated with an increased risk of renal malignancies (27) . Chloroform, a by-product of the bleaching process, is a renal and liver carcinogen in experimental animal systems (37); however, an excess risk of liver cancer was not found in our study.
Brain cancer was elevated among long-term workers in the total cohort and among sulfite workers only. Risk factors for malignant brain tumors include exposure to vinyl chloride (26, 38) , formaldehyde (26) , ionizing (39) and nonionizing (40) radiation, as well as work in the petrochemical and rubber industries (26) .
The increased risk of malignant lymphomas corroborates previous findings (2-4, 8, 11, 15-17) , although the excess risk of Hodgkin's disease was confined to sulfite mill workers rather than to kraft mill workers as previously reported (3). Exposure to biocides, cellulose, and alkali solution, hypochlorites, and other bleaching agents found in the pulp and paper industry has been associated with a risk of non-Hodgkin's lymphoma (27) and exposure to formaldehyde, with a risk of Hodgkin's disease (37) .
Excess mortality from gallbladder cancer was observed in long-term workers employed in both kraft and sulfite mills. An increased incidence of gallbladder cancer has been previously noted among paper mill workers in Sweden (41) .
For certain cancer sites, the elevated SMRs should be interpreted in the light of the limitations of any mortality study. In particular, the concordance between cause of death and the initial diagnosis is relatively low for cancer of the liver, larynx, and bone (42) . Similarly, the proportion of microscopically confirmed diagnoses in agreement with the underlying cause of death as indicated on the death certificate is less than 50 percent for cancer of the pleura and of the eye (42) . In addition, the lack of histologic information prevents definitive conclusions for a number of sites including pleural, bone, eye, and kidney cancers. No information on cancer risks due to lifestyle factors was obtained in this retrospective cohort study; however, future results on cancer incidence may help to clarify some of our findings.
In this first phase of our study of British Columbia pulp and paper workers, no attempt was made to classify workers by departments and no exposure data were obtained that might provide explanations for the differences in cancer patterns observed between kraft only and sufite only workers. However, we are currently developing mill-specific and period-specific job exposure matrices that will be used in a nested casecontrol study with detailed exposure assessment by job title. That study should enable us to evaluate whether the excess risk for specific cancers reflects the exposure among subsets of workers. At the time of this writing, record linkage with the Canadian Cancer Registry is underway.
